Women are more likely than men to suffer from stress-related mental disorders, such as depression. In the present experiments, we identified sex differences in one of the most common animal models of depression, that of learned helplessness. Male and female rats were trained to escape a mild footshock each day for 7 days (controllable stress). Each rat was yoked to another rat that could not escape (uncontrollable stress), but was exposed to the same amount of shock. One day later, all stressed rats and unstressed controls were tested on a more difficult escape task in a different context. Most males exposed to uncontrollable stress did not learn to escape and were therefore helpless. In contrast, most females did learn to escape on the more difficult escape task, irrespective of whether they had been exposed to controllable or uncontrollable stress. The sex differences in helplessness behavior were not dependent on the presence of sex hormones in adulthood, because neither ovariectomy of females nor castration of males abolished them. The absence of helplessness in females was neither dependent on organizational effects of testosterone during the day of birth, because masculinized females did not express helplessness as adults. Thus, sex differences in helplessness behavior are independent of gonadal hormones in adulthood and testosterone exposure during perinatal development. Learned helplessness may not constitute a valid model for depressive behavior in women, at least as reflected by the response of female rats to operant conditioning procedures after stressful experience.
INTRODUCTION
Women are more susceptible than men to stress-related psychiatric disorders, such as major depression, generalized anxiety disorder, acute and post-traumatic stress disorder (Holden, 2005; Kessler, 2003; Kessler et al, 1995; Kornstein, 1997; Nemeroff et al, 2006; Somers et al, 2006; Stein et al, 2002; Steiner et al, 2005) . The reasons for these gender differences are not known, but it is possible that they emerge from different responses to stressful life events and different coping strategies (Kendler et al, 2001b; Klein and Corwin, 2002; Maciejewski et al, 2001; Nemeroff et al, 2006; Sherrill et al, 1997) . Gender differences in these disorders are often attributed to the presence of different levels of sex hormones either during adulthood (ie activational effects) or during early development (ie organizational effects) (Altemus, 2006; Joffe and Cohen, 1998; Rubinow et al, 1998; Steiner et al, 2003) . Genetic and social factors also contribute to sex differences in mental illness (Barr et al, 2004b; Breslau et al, 1997; Kendler, 1998; Kendler et al, 2001a; Meagher and Murray, 1997) .
One way to evaluate the role of sex hormones in stressrelated illness is to model the disease in laboratory animals (Dalla et al, 2005; Drossopoulou et al, 2004; Maier, 1984; McCarthy and Konkle, 2005; Nestler et al, 2002; Palanza, 2001; Willner, 1995) and then manipulate the presence of sex hormones. The most common animal model of 'stress and coping' is that of 'learned helplessness' (Maier, 1984; Seligman and Beagley, 1975) . With it, animals are exposed to either controllable or uncontrollable stressful events and later, they are tested on a new task in which all animals are given the opportunity to control the stressor, usually by escape. In most reports, animals that are exposed to uncontrollable stressful events do not learn to escape during testing on the new task (Overmier and Seligman, 1967; Seligman and Maier, 1967) . This behavior has been equated with a sense of 'giving up', experienced by humans with major depression (Miller and Seligman, 1975) . Thus, this model may have some predictive validity (Cryan et al, 2002; Willner, 1986 ) and as such, variations of it have been used extensively to study the neurobiology of depressive and anxiety disorders (Maier and Watkins, 2005) . Interestingly enough, the vast majority of studies using this model have been conducted in males.
Two decades ago, it was reported that female rats do not express learned helplessness behavior to the same degree as do males (Heinsbroek et al, 1991; Kirk and Blampied, 1985; Steenbergen et al, 1990) , but the reasons for its absence were not identified. We have recently verified the sex difference and explored its hormonal basis in the present study. First, surgical ovariectomy (OVX) was used to determine whether the absence of helplessness in females was due to the presence of ovarian hormones (estrogen and progesterone). Second, castration was used to determine whether the presence of helplessness in males was dependent on the presence of testosterone in adulthood. Because neither manipulation prevented the sex differences in helplessness behavior, we investigated whether they emerged as a result of testosterone exposure during perinatal development of the brain (MacLusky and Naftolin, 1981) . To our surprise, even masculinization of the female brain did not uncover helplessness behavior in females.
MATERIALS AND METHODS

General Procedures
Subjects. Experiments were approved by the Rutgers University Animal Care and Facilities Committee and are in compliance with the rules and regulations specified by the 'PHS policy on Humane Care and Use of Laboratory Animals' and the 'Guide for the Care and Use of Laboratory Animals'. Adult (2-3 months) male (300-350 g) and female (250-350 g) Sprague-Dawley rats were individually housed with ad libitum access to food and water and maintained on a 12-h light/dark cycle. Stages of estrus were determined in female rats with daily vaginal smears, as described (Hodes and Shors, 2005; Leuner and Shors, 2006) .
General activity. All rats were tested in adulthood for general activity levels during the light phase and before stressful procedures. Each rat was placed individually in a Plexiglas activity chamber (30 cm 3 ) for 30 min. Activity in the chamber was monitored with eight photobeams at 4 cm intervals (Omnitec Electronics Inc., NS, Canada). Breaks in the beams were converted to horizontal (walking) and vertical (rearing) movements.
Learned helplessness model. Rats were yoked in pairs (of the same sex and condition) and placed in one of two electrically linked shuttle-boxes (Med Associates Inc., St Albans, Vermont, USA). Each shuttle-box (46 Â 18 Â 19 cm 3 ) was located within a sound attenuated illuminated (15 W) chamber (69 Â 69 Â 63 cm 3 ). A scrambled shock generator delivered 1 mA electric pulse through the grid floor and walls of the apparatus. Each shuttle-box consisted of grid flooring, steel walls, a Plexiglas top, and a doorway in the center. During training with a fixed-ratio 1 (FR1) task, one rat could escape a 1 mA footshock (controllable stress) by passing through the doorway once and tripping a balance switch, which terminated the shock in both shuttle-boxes simultaneously. At the same time, the yoked rat could traverse the apparatus, but could not terminate the shock (uncontrollable stress). Therefore, the yoked rat was exposed to the same amount and duration of shock as the rat that could escape (Shors et al, 1989 (Figure 1 ). Rats were trained for 7 consecutive days, each day for 30 trials with a maximum latency to escape of 30 s and an intertrial interval of 60 s. Latency to escape in the FR1 task was used as a measure of performance in rats exposed to controllable stress.
On the eighth day, all rats were tested individually on a fixed-ratio 2 (FR2) task, in which escape was possible for all subjects, but required passing through the doorway twice in order to turn off the shock (Figure 1 ). The context for testing was altered in the following ways: black and white stripes lined the walls of the chamber, an odor of menthol was placed in each chamber, and white bulbs were replaced with red bulbs. Latency to escape the FR2 was measured over 30 trials of training with a maximum latency of shock of 10 s and an intertrial interval of 60 s. Groups of animals were considered to express learned helplessness behavior in the FR2 task, when they exhibited high escape latencies (in average more than 8 s) that were not decreased after repeated testing (across 30 trials). In order to investigate differences between groups, we calculated the percentage of helpless rats in each group that was previously exposed to uncontrollable stress. Rats that failed to escape more than 10 trials in the last 15 trials of the FR2 test were considered as helpless. This was considered informative, because individual differences in the learned helplessness paradigm have been reported (Drugan et al, 1997; Setnik et al, 2004; Vollmayr and Henn, 2001) .
Additional groups of rats that had not been previously exposed to any footshock were also tested in the FR2 task (unstressed groups). Thus, as shown in Figure 1 , each experiment included three groups per hormonal condition/ manipulation: The Controllable stress group consisted of animals exposed for 7 consecutive days to escapable stress (FR1 training) and then on the eighth day tested on the FR2 test, the Uncontrollable stress group consisted of animals exposed for 7 consecutive days to non-escapable stress (yoked to animals from Controllable stress group exposed to FR1 training) and then on the eighth day tested on the FR2 test and the Unstressed group consisted of animals left undisturbed in their home cages and only tested on the FR2 test.
Experiment 1: testing of gonadectomized males and females. Rats were anesthetized with Pentobarbital (25 mg/ kg) and through inhalation of isoflurane and oxygen. Females were subjected to a bilateral OVX (n ¼ 18) or sham-operation (n ¼ 12). Males were subjected to a castration (orchidectomy) (n ¼ 26) or sham-operation (n ¼ 18). All rats were tested 1 week after surgeries for general activity (explained in detail above). Two days later, rats of the same sex and hormonal condition were yoked in pairs, stressed (Controllable or Uncontrollable stress groups) for 7 days in the FR1 task and tested 1 day later for learned helplessness behavior in the FR2 test (explained in detail above). Sham-operated females were yoked together according to stage of the estrous cycle, as previously described . On the first day of FR1 training, three pairs of the sham-operated females were in estrus: two in diestrus 2 and one in proestrus.
Groups of castrated male (n ¼ 9) and OVX female (n ¼ 8) rats and groups of sham-operated male (n ¼ 7) and female (n ¼ 8) unstressed controls (Unstressed groups) were also tested for learned helplessness behavior in the FR2 test (Figure 1 ). On the day of FR2 testing, two of the shamoperated unstressed females were in each stage of the estrous cycle (proestrus, estrus, diestrus 1, and diestrus 2).
Experiment 2: testing of masculinized females. Within 24 h of birth, female pups (n ¼ 18) were injected once in the afternoon subcutaneously with 0.02 ml, total of 125 mg, of testosterone propionate (TP; Sigma-Aldrich Inc.) dissolved in sesame seed oil (6.25 mg/ml). Females from different litters were injected with 0.02 ml of sesame oil alone (n ¼ 14). This treatment has been used frequently to study the organizational effects of androgens on the brain and has been shown effective for masculinizing the female brain and many aspects of behavior (Barraclough and Gorski, 1961; Beatty and Beatty, 1970; Shors and Miesegeas, 2002) .
Successful TP-treatments and masculinization of female rats was verified in adulthood by inspection of the vagina and vaginal smears. In masculinized females, there was no vaginal canalization and vaginal smears, as it happens normally in females during puberty around the postnatal day 35 (Hodes and Shors, 2005) . One TP-treated female that exhibited normal vaginal canalization during puberty was excluded from the study.
All females were tested in adulthood for general activity (2 months old). Two days later, females were yoked in pairs, stressed (Controllable and Uncontrollable stress groups) for 7 days in the FR1 task and tested 1 day later for learned helplessness behavior in the FR2 test (explained in detail above). Vehicle-treated females were yoked together according to the stage of the estrous cycle. On the first day of FR1 training, three pairs from the vehicle-treated females were in estrus, two pairs were in diestrus 1, and two pairs were in diestrus 2. Groups of TP-treated females (n ¼ 7) and vehicle-treated (n ¼ 8) female unstressed controls (Unstressed group) were also tested for learned helplessness behavior in the FR2 test. On the day of FR2 testing, one vehicle-treated unstressed female was in estrus, three in proestrus, one in diestrus 1, and two in diestrus 2.
Statistics. For experiment 1, behavioral data from general activity measurements were analyzed by using two-way analysis of variance (ANOVA) with sex (male vs female) and surgery (gonadectomy vs sham-operation) as between factors. Performance during training in FR1 and FR2 tests was analyzed with repeated ANOVA (across seven sessions for FR1 or blocks of five trials for FR2), with two or three between-subjects factors: sex (males vs females), surgery (gonadectomy vs sham-operation), and condition (controllable stress, uncontrollable stress, and unstressed controls for FR2 escape latencies). For experiment 2, activity levels Figure 1 Experimental Design, in experiment 1, male and female rats were gonadectomized or sham-operated in adulthood. One week later, they were divided into three groups per sex/hormonal condition: the Controllable stress group, the Uncontrollable stress group, and the No stress group. In experiment 2, female pups were injected with testosterone at birth or with vehicle. In adulthood, they were also divided into the same three groups per treatment. Rats in stress groups were exposed for 7 consecutive days to FR1 training. One rat was placed in the first shuttle-box, in which it could escape the footshock (1 mA) by passing through the doorway once (fixed-ratio 1, (FR1)) and tripping a balance switch (controllable stress). The yoked rat was placed in the other shuttlebox and could not escape the footshock, even when it was passing through the doorway (uncontrollable stress). When the rat in the first shuttle-box terminated the shock, the shock was also terminated for the rat in the other shuttle-box. Rats were stressed in this way for 7 consecutive days, each day for 30 trials. Latency to escape in the FR1 task was used as a measure of performance in rats exposed to controllable stress. On the eighth day, all rats were tested individually on the fixed-ratio 2 (FR2) test. A rat was placed in the shuttle-box (in a different context), in which it could escape the footshock (1 mA) by passing through the doorway twice (FR2) and tripping a balance switch. Latency to escape in the FR2 test was measured over 30 trials (maximum shock duration: 10 s).
Sex differences in helplessness C Dalla et al were analyzed with ANOVA with treatment (testosterone vs vehicle) as the between subjects factor. Performance during training in FR1 and FR2 tasks was analyzed with repeated measures ANOVA (across seven sessions for FR1 or blocks of five trials for FR2), with one or two between-subjects factors: treatment (testosterone vs vehicle) and condition (controllable stress, uncontrollable stress, and unstressed controls for FR2 escape latencies). Post hoc pairwise comparisons were conducted on significant interactions for condition and Newman-Keuls method was implemented to control for family-wise error rate. Separate one-way ANOVAs were performed to evaluate specific differences between groups. Probabilities of less than 0.05 were considered statistically significant.
RESULTS
Experiment 1
Effects of sex and gonadectomy on general motor activity and FR1 escape performance. Vertical but not horizontal movements were reduced in the gonadectomized rats (F(1, 52) ¼ 5.00; po0.05) ( Table 1) . Escape performance during training on the FR1 task was unaffected by gonadectomy (Figure 2a and c) . As such, males and females that were exposed to a sham surgery as well as those that were castrated or OVX readily learned to escape and decreased their escape latencies across days of FR1 training (F(6, 72) ¼ 51.9; po0.001, F(6, 48) ¼ 5.71; po0.005 for castrated and sham males, respectively) ( Figure 2a ) and (F(6, 48) ¼ 5.09; po0.001, F(6, 30) ¼ 4.62; po0.005, for OVX and sham females, respectively) ( Figure 2c ). However, there was an interaction among the factors of sex, hormonal condition, and days of FR1 training (F(6, 198) ¼ 2.6; po0.05). On the first day of training on the FR1 task, sham-operated females learned to escape sooner than did sham-operated males. This sex difference during very early training was not expressed in animals without gonads (Figure 2a and c) .
Males express helplessness, even after castration. With respect to the expression of helplessness, analysis indicated that neither males with a sham surgery nor those that were castrated and exposed to uncontrollable stress were able to learn to escape during training on the FR2 task (F(5, 40) ¼ 2.25; p40.05; F(5, 60) ¼ 2.29; p40.05, respectively). There was no interaction between castration and trials of training on the FR2 task (p40.05) (Figures 2b and  5a ). According to the criterion, 66% of the males that were previously exposed to uncontrollable stress were helpless, whereas 54% of the castrated males were helpless (Figure 5b) . These numbers are similar to those previously reported for Sprague-Dawley male rats (Drugan et al, 1997) . As expected, previous training with controllable stress on the FR1 task reduced the time it took for males to learn the FR2 task (F(1, 40) ¼ 62.3; po0.001). Males previously exposed to controllable stress were faster to escape during training on the FR2 task than males exposed to uncontrollable stress (po0.05) (Figure 2b ). Castration did affect the behavior of males that were previously exposed to controllable stress (F(1, 20) ¼ 4.82; po0.05); sham-operated males exposed to controllable stress took longer to learn (ie higher escape latencies) than the respective castrated males (Figure 2b ). Castration also affected escape behavior specifically during training across trials of FR2 testing (F(5, 70) ¼ 2.73; po0.05). Males that were not stressed and sham-operated did not learn and in fact increased their latency to escape across FR2 trials (F(5, 30) ¼ 3.18; po0.05) (Figure 3a) . In contrast, castrated males that were not stressed learned to escape and thus decreased their escape latencies across FR2 trials (F(5, 40) ¼ 4.85; po0.01) (Figure 3a) .
Females do not express learned helplessness behavior, even after ovariectomy. In contrast with males, females that had been exposed to uncontrollable stress during training on the FR1 task did learn to escape during training on the FR2 task, irrespective of whether they were OVX or not (F(5, 40) ¼ 7.05; po0.001, F(5, 25) ¼ 9.48; po0.001 for OVX and sham females exposed to uncontrollable stress, respectively) (Figures 2d and 5a) . In general, females that were exposed to the uncontrollable stress learned to escape faster than males during testing on the FR2 task (overall sex effect: F(1, 33) ¼ 7.02; po0.05 and interaction between sex and trials of testing F(5, 165) ¼ 7.88; po0.001). Less than 20% of the females expressed helplessness behavior; similarly, 22% of OVX females were helpless (Figure 5b) .
Females that were not stressed readily learned to escape during training for the first time on the FR2 task, irrespective of whether they were OVX or not (F(5, 35) ¼ 4.76; po0.01, F(5, 35) ¼ 3.29; po0.05 for OVX and sham unstressed females, respectively) ( Figure 3b) . Again, unstressed females learned to escape faster during training on the FR2 task when compared to males (overall sex effect: F(1, 28) ¼ 29.67; po0.001 and interaction between sex and trials of testing F(5, 140) ¼ 2.63; po0.05) (Figure 3a and b) .
The performance of females that had learned to escape during FR1 training (controllable stress) was different from that in all other groups of females (po0.05). Their latencies did not change across trials of training, because they had already learned to escape early during training (a floor effect). There was no effect of OVX on performance of the Males expressed learned helplessness behavior whereas females did not. (a) During training on a fixed-ratio 1 (FR1) task, rats had to cross the shuttle-box once to escape the footshock (Controllable stress groups). The escape latencies of male sham-operated and castrated rats were decreased (po0.001 and po0.005, respectively) during 7 days of FR1 training (means of 30 trials7SEM). (b) During testing on a fixed-ratio 2 (FR2) task, rats had to cross the shuttle-box twice to escape the footshock. The graph depicts the escape latencies during testing on the FR2 task (means of five trials7SEM) in the animals that were trained on the FR1 task in (a) (controllable stress), along with their yoked animals (uncontrollable stress). Male sham-operated and castrated rats from the uncontrollable stress groups, did not learn to escape during testing on the FR2 task (p40.05). Male castrated rats from the controllable stress group exhibited higher escape latencies in the FR2 test than their respective sham-operated males (po0.05). (c) Similar data are presented for sham-operated and ovariectomized (OVX) female rats. The escape latencies of female sham-operated and OVX rats (Controllable stress groups) were decreased (po0.005 and po0.001, respectively) during 7 days of FR1 training (means of 30 trials7SEM). (d) Female sham-operated and OVX rats from the Uncontrollable stress groups exhibited high escape latencies during the first trials of the FR2 task, but readily learned to escape (po0.001) during further testing (means of five trials7SEM).
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Treatment with testosterone at birth did not interact with the stressor manipulation (controllable, uncontrollable, and unstressed) or trials of testing on the FR2 task (p40.05). Both testosterone and vehicle-treated unstressed females learned to escape during testing for the first time on the FR2 task (F(5, 35) ¼ 4.64; po0.005, F(5, 30) ¼ 7.41; po0.05, respectively) (Figure 3c ). Also, performance in females that were treated with testosterone or vehicle was similar after exposure to uncontrollable stress; they learned to escape during testing on the FR2 task after being exposed to uncontrollable stress (F(5, 40) ¼ 5.34; po0.01, F(5, 30) ¼ 3.04; po0.05 for TP and vehicle-treated females exposed to uncontrollable stress, respectively) (Figures 4b and 5a) . Specifically, there was no effect of testosterone treatment (F(1, 13) ¼ 1.156; p ¼ 0.3), nor interaction between trials and testosterone treatment (F(1, 13) ¼ 0.25; p ¼ 0.6) during training on the FR2 task for rats that had been exposed to uncontrollable stress. Using the same criterion as in experiment 1, fewer than 15% of females treated with vehicle expressed helplessness, with comparable numbers in females treated with testosterone ( Figure 5b) .
Escape performance in females that had learned to escape during FR1 training (controllable stress) differed from the performance of all other groups of females (po0.05). Their latencies did not decrease during testing on the FR2 task (Figure 4b ), presumably because they performed so well during the early trials of FR2 testing (a floor effect). Escape latencies were not influenced by stages of estrus (p40.05), although total numbers in each group were few.
DISCUSSION
Together, these data demonstrate robust sex differences in the expression of helplessness behavior, which are independent of activational effects of reproductive hormones and organizational effects of testosterone during perinatal development. Specifically, most male rats that were exposed to uncontrollable stress did not learn to escape during training on a more difficult escape task in a different context; ie, they expressed learned helplessness behavior. In contrast, the majority of females did not express learned helplessness behavior after exposure to the same stressor. Importantly, females that had been exposed to the uncontrollable stress eventually performed similarly to females that were not stressed or exposed to controllable stress, whereas most males did not learn with further training. In fact, even males that were not previously stressed did not learn to escape. Only males that had learned to control the stressor readily learned to escape, ie they responded similarly to females that were stressed or not stressed. Surprisingly, the removal of the gonads in males and females did not abolish sex differences in helplessness. Moreover, masculinization of the female brain during early development did not uncover helplessness in adult females. Thus, it appears that the sex differences in Figure 3 Castration increased operant conditioning in males, but ovariectomy and masculinization of the female brain were inconsequential. Graphs depict the escape behavior in rats that were not exposed to any stressor before testing on the fixed-ratio (FR2) task. (a) Sham-operated males increased their escape latencies (po0.05) during FR2 testing (means of five trials7SEM), while castrated males decreased them (po0.05). (b) Ovariectomized (OVX) females and their sham-operated controls decreased their escape latencies (po0.05) during FR2 testing (means of five trials7SEM). (c) Testosterone-treated females (masculinized at birth) and their vehicle-treated controls decreased their escape latencies (po0.005 and po0.05, respectively) during FR2 testing in adulthood (means of five trials7SEM).
Sex differences in helplessness
C Dalla et al helplessness behavior are not mediated by the presence or influence of sex hormones, at least to the extent that they were studied here. Even though females did learn to escape after exposure to uncontrollable stress, this effect may be limited to tests of operant conditioning. During training with other types of conditioning procedures, performance in females is actually quite susceptible to the negative consequences of uncontrollable stressful experience (Shors, 2006; Wood and Shors, 1998) . For example, with classical eyeblink conditioning procedures, female rats express a severe deficit in learning after exposure to the same regimen of repeated uncontrollable stress as used here (Leuner et al, 2004) . The reasons for the different responses probably reflect the inherent differences between operant and classical conditioning and the requisite responses. During operant conditioning, the animal must emit a voluntary motor response in order to change the outcome and learn, whereas animal emits an obligatory unconditioned response to the unconditioned stimulus during classical conditioning, irrespective of volition. Thus, the two types of training procedures are vastly different in terms of their dependence on volitional activity and the learning processes involved (Shors, 1998) . That said, the sex differences described here were not explained by measurable differences in gross motor activity, because baseline movements did not differ between males and females. Moreover, females that were treated with testosterone at birth were less active as adults than vehicle-treated females, yet they still did not express helplessness. It is noted that numerous studies report sex differences in gross motor activity (Alonso et al, 1991; Johnston and File, 1991; Palanza, 2001) . It is possible that in the present study, the housing conditions or the method of assessment may contribute to the absence of a sex difference in 'moving duration', as reported (Dalla et al, 2005) . Irrespective, sex differences in operant responding presented here are not directly a result of sex differences in activity, as previously considered (Shors, 1998) .
The sex differences in learned helplessness behavior reported here are likely affected by the fact that females learn to escape the shock much sooner than do males, even without any previous exposure to uncontrollable stress (unstressed animals, Figure 3 ), as reported for avoidance tasks (Beatty and Beatty, 1970; Heinsbroek et al, 1988 Heinsbroek et al, , 1991 Scouten et al, 1975; Steenbergen et al, 1990; van Haaren and van de Poll, 1984a, b) . Thus, when females are confronted with the FR2 demands, they overcome the tendency to avoid the side of the box where they just got shocked. In contrast, most males failed to re-enter the side in which they were shocked and thus accrued longer latencies. Even the males that did not previously experience any uncontrollable stress did not re-enter the side in which the shock occurred. The difference in response tendency between males and females is notable in that neither is necessarily 'better'; they are just different and likely mediated by non-associative processes related to punishment, electrical resistance, nociception, and/or analgesia (Aloisi and Bonifazi, 2006; Beatty and Beatty, 1970; Beatty and Fessler, 1977; Levine and Broadhurst, 1963; Romero et al, 1987 Romero et al, , 1988 Shors, 1998; van Haaren and van de Poll, 1984a; Van Oyen et al, 1979; Vendruscolo et al, 2004) . For example, females often respond actively to aversive stimulation, whereas males do so passively with freezing (Beatty and Beatty, 1970; Heinsbroek et al, 1991; Kirk and Blampied, 1985; Steenbergen et al, 1990) . Females also express less conditional freezing than males during contextual fear conditioning (Gupta et al, 2001; Maren et al, 1994) .
It is perhaps futile to try to identify one or even a few characteristics that can explain sex differences in this behavior. This point is exemplified in a recent study with stress and neurogenesis . Using the same procedures as here, we found that exposure to uncontrollable stress reduced cell proliferation in the male hippocampus more than did exposure to controllable stress. Its modulation by controllability, evident in males, was not evident in females. However, it cannot be concluded Figure 4 Masculinized females did not express helplessness behavior. (a) The escape latencies of testosterone-treated females (masculinized at birth) and vehicle-treated controls (Controllable stress groups) decreased (po0.001 and po0.05, respectively) during 7 days of fixed-ratio (FR1) training (means of 30 trials7SEM). (b) Female testosterone and vehicle-treated rats from the Uncontrollable stress groups, exhibited high escape latencies during the first trials of the fixed ratio (FR2) task, but learned to escape (po0.01 and po0.05, respectively) during further testing (means of five trials7SEM).
Sex differences in helplessness C Dalla et al necessarily that the newly generated cells themselves respond differently in males than in females; rather it is more likely that the behavioral or internal response to the external events are processed differently by males than females and this difference alters proliferation in one sex and not the other. Overall, the present data suggest that the effects of stress on learning in males vs females are influenced by distinctive responses to environmental stimuli, a situation that is perhaps epitomized by training procedures associated with learned helplessness (Shors, 2006) .
Sex differences in helplessness persisted in the absence of the major sources of sex hormones (gonads) in adulthood, since castration and OVX did not alter performance after exposure to uncontrollable stress. However, performance was different in the castrated males in some cases: their latencies to escape were shorter during testing on the FR2 task, in comparison to those that were either not stressed or exposed to controllable stress. These findings suggest that the presence of testosterone may modulate operant responding. Others have observed a modulatory effect of testosterone on passive avoidance (van Oyen et al, 1980) as well as indices of 'emotional' behavior (Toufexis et al, 2005 (Toufexis et al, , 2006 , although there are reports for no effect on active avoidance (Beatty and Beatty, 1970; Scouten et al, 1975) . Nevertheless, the present findings dissociate the role of testosterone in learned helplessness behavior that appears as a consequence of exposure to repeated uncontrollable stress, from its role in escape/avoidance behavior. Similarly, estrogen and progesterone can influence conditioned avoidance behavior in females (Diaz-Veliz et al, 1989; Sfikakis et al, 1978) , but apparently not the expression of helplessness after exposure to uncontrollable stress. With respect to the cycle, Jenkins et al (2001) reported that females in diestrus 2 were more helpless than females in estrus. They took longer to escape during training on the FR1 and FR2 tasks when compared to females that were not stressed (Jenkins et al, 2001 ). However, other investigators have reported no change in similar behaviors across the estrous cycle (Setnik et al, 2004) . In the present study, OVX females readily learned to escape during testing on the FR2 task even after exposure to uncontrollable stress. Thus, changes in hormone levels across the estrous cycle do not explain the sex differences in helplessness behavior presented here.
Many sex differences in adult behaviors can be reversed or at least minimized by manipulation of sex steroids during development (Barraclough and Gorski, 1961; Beatty and Beatty, 1970; Shors and Miesegeas, 2002; Williams et al, 1990) . Testosterone treatment of females at birth alters the phenotype of the hypothalamic-pituitary-adrenal axis (Seale et al, 2005) , the morphology of sexually dimorphic brain regions (Han and De Vries, 2003; MacLusky et al, 1987; Morris et al, 2004; Roselli and Klosterman, 1998) and affects certain aspects of learning (Roof, 1993; Roof and Havens, 1992; Shors and Miesegeas, 2002; Williams and Meck, 1991) . Therefore, we were surprised that learned helplessness behavior did not emerge in females that were masculinized at birth. In a previous study, masculinization of the female brain reversed the effects of uncontrollable stress on classical conditioning (Shors and Miesegeas, 2002) . Instead of reducing classical eyeblink conditioning, exposure to the stressful event facilitated learning in females; they responded like intact males do. It is curious that the effects of stress on learning would be organized by testosterone, while learning one task and not another. Perhaps, specific brain regions are critical for one and not the other training regimen. In the case of classical conditioning, the hippocampus is necessary for the effects of stress on learning in both males and females (Bangasser and Shors, 2007) , but the bed nucleus of the stria terminalis is only necessary in males (Bangasser et al, 2005) . If these same brain regions are not critically involved in the expression of learned helplessness behavior, their organization during this period of development may not then influence the expression of sex differences in adulthood. It remains possible that sex hormones organize sex differences in learned helplessness during other periods of brain development, such as during prenatal development or puberty (Arnold and Breedlove, 1985; Sisk and Zehr, 2005) . At the same time, de novo synthesized estrogen in the female hippocampus during early development could influence these behaviors in adulthood (McCarthy and Konkle, 2005) . Figure 5 Fewer females than males expressed helplessness behavior: hormonal manipulation had no effect. (a) The graph depicts the mean escape latencies in the last 10 trials for each group exposed to uncontrollable stress during experiments 1 and 2 (escape latencies depicted in Figures 2b, d and 4b ). Female rats exhibited shorter escape latencies than males during FR2 testing (po0.05), while ovariectomy, castration, and testosterone treatment had no effect (p40.05). (b) The graph depicts the percentage of helpless rats from each group exposed to uncontrollable stress during experiments 1 and 2. A rat was considered helpless when failed to escape more than 10 trials in the last 15 trials of the FR2 test.
Sex differences in helplessness C Dalla et al
The present results suggest that testosterone and its metabolites (estrogen and non-aromatizable androgens), derived from peripheral sources, do not influence learned helplessness behavior through organizational effects during the critical period of the perinatal brain development (MacLusky and Naftolin, 1981) . Thus, it is possible that expression of learned helplessness behavior is modulated by factors other than hormonal ones. Genetic background has been reported to play a role in learned helplessness behavior in mice (Caldarone et al, 2000) and genes regulate aspects of sexual differentiation of the brain (Arnold, 2004; Davies and Wilkinson, 2006) . There is growing literature implicating genetic and epigenetic factors in the etiology of depression, especially as they relate to sex differences in serotonin and its transporters (Barr et al, 2004a, b; Sjoberg et al, 2006; Weiss et al, 2005) . As with many mental illnesses, these inherited characteristics presumably interact with developmental experience and stressful life experiences to achieve a threshold for the expression of abnormal behavior. The present results question the construct validity of learned helplessness to model depression in women, at least in the form it was used in the present study. They also underscore the need to develop animal models for affective disorders that are experienced by women.
